Increasing prevalence of obesity in children and adolescents might represent an emerging public health issue. Pathogenesis of obesity is multifactorial and involves a complex interplay of genetic and environmental factors. Adolescent obesity has been seen as a cosmetic problem only; nevertheless, a significant increase in cardiovascular risk, probably due to obesity-related metabolic disarrangement has been observed. Consequently, discussion on strategies for treating childhood and adolescent obesity has been promoted worldwide. The proposed treatment triad is life style modification, pharmacological, and surgical treatment. Although lacking definitive data, drug therapy has emerged as an efficacious tool, at least in adolescent obesity. Therefore, sibutramine and orlistat may be good therapeutic options when life style modifications alone do not work. Arq Bras Endocrinol Metab. 2009;53(2):252-261.
T he prevalence of obesity in children and adolescents has increased dramatically in the past three decades, not only in the developed countries, but also in the least developed ones. Based on the heights and weights measured from nationally representative samples of US children, that have been assessed approximately every 5 years, obesity prevalence has increased from 5% in 1963 to 1970 to 17% in 2003 to 2004 (1) .
Increasing incidence of childhood obesity, mostly in least developed countries, might represent a potential emerging public health issue, which in turn is likely to create an enormous socioeconomic and public health burden in the near future (2). Brazil has registered an increase in obesity in the pediatric population from 4.1% to 13.9%, between 1974 and 1997, with an estimated 16.7% obese adolescents in 2002-2003 (3,4) .
The pathogenesis of obesity is multifactorial and involves a complex interplay of genetic (metabolic and hormonal) and environmental (lifestyle, behavior, and socioeconomic) factors (2) . Twin studies have clearly demonstrated a "genetic risk factor", as obese parents are more likely to have obese children. The discovery of leptin, ghrelin, adiponectin, and other hormones that influence appetite, satiety, and fat distribution provides insight into metabolic mechanisms that represent the physiologic risk. Multiple substances and multiple gene sites have been associated with obesity making a complex system that must not respond to a simple therapeutic intervention. Moreover, as far as the population aspect is concerned, the increase in prevalence is too rapid to be explained only by a genetic shift (5). The main cause of obesity in children is due to exogenous (environmental) factors. The epidemic of obesity is due to a gradually increasing caloric intake and decreasing physical activity. A positive energy balance (energy from food intake greater than energy expenditure in daily activities and exercise) of only 50 to 100 kcal per day can lead to a 2.0 kg to 5.0 kg weight gain over a 1-year period. Less than 1% of childhood obesity in tertiary care centers is caused by endocrine and genetic diseases (6). Secondary causes of obesity are even less observed (Table 1 ) (6).
Until quite recently, childhood obesity was viewed as a cosmetic problem only. The major risks associated with obesity in children and adolescents were just considered when obesity persisted in the adulthood. Recently, however, a significant increase in the cardiovascular risk associated with obesity in childhood, probably due to obesity-metabolic disarrangement has been observed. Since then, discussion on strategies for treating childhood and adolescent obesity has been promoted worldwide.
Prevention and effective treatment of obese children and adolescents must be a priority. The treatment is based on life style modification, which includes dietary modifications (a balanced healthy diet) and starting or increasing regular physical activity. Short-term pharmacological therapy was found beneficial in obese adolescents, according to some reviews (7). Elaboration of strategies targeting the prevention of excess weight gain might be useful to warrant maintenance of a healthy weight and might begin as soon as in infancy.
DIAgnostIc consIDerAtIons
Obesity can be defined as generalized or localized fat mass accumulation as a result of energy disbalance, caused by the interplay of genetic and ambient factors (8). The diagnosis of obesity is fundamentally clinical, based on anthropometric features.
Body mass index [BMI = weight (kg)/height (m) 2 ] is, in adults, the international standard that defines overweight (BMI between 25 and 30 kg/m 2 ) and obesity (BMI ≥ 30 kg/m 2 ). In children and adolescents, nevertheless, a consensus of a BMI cut-off point defining overweight or obesity has not been established yet.
Usually, for clinical practice and epidemiologic studies, child overweight and obesity are assessed by means of indicators based on weight and height measurements, such as weight-for-height measures or BMI (8). Percentiles specific for age and gender define underweight, healthy weight, overweight, and obesity in children (7). The use of 2 cut-off points, namely, BMI at the 95th percentile and 85th percentile, captures varied risk levels and minimizes both overdiagnosis and underdiagnosis. When the BMI is < 85th percentile, body fat levels are likely to pose little risk. On the other hand, when the BMI is > 95th percentile, as body fat levels are higher, there is risk.
A BMI from 85th to 94th percentile represents an increase in the risk of obesity-related disease that var- 
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Melanocortin-4 receptor mutation Leptin deficiency Proopiomelanocortin deficiency ies according to body composition, "BMI trajectory", family history, and other factors. Recently, it has been suggested that, when the BMI is > 95th percentile, the term "obesity" should replace "overweight" and, when the BMI is from the 85th to 94th percentile, "overweight" should replace "at risk of overweight''. For older adolescents, a BMI in the 95th percentile may be higher than a BMI of 30 kg/m 2 , the adult obesity cutoff. In this context, it is recommended that obesity in youths must be defined as a BMI at the 95th percentile or a BMI of 30 kg/m 2 , whichever is lower (5). Besides, a need for a third cut-off point to define severe obesity in childhood has been discussed, as an adolescent weighing 90 kg and another weighing 120 kg are in the same BMI category (> 95th percentile) but markedly face different social and medical effects. Children with extreme obesity are at high risk for multiple cardiovascular disease risk factors (5). In children, the distribution of BMI percentiles varies according to gender and age as in weight and height percentiles (5). There are specific BMI charts for boys and girls, CDC charts are most commonly used (Figures 1 and 2 ) (9). The International Obesity Task Force (IOTF) has also published a BMI cut-off for overweight and obesity in adolescents based on body mass index from six large nationally representative cross-sectional surveys in Brazil, Great Britain, Hong Kong, the Netherlands, Singapore, and the United States (Table 2 ). This definition is less arbitrary and more international than others and has been adopted as a reference worldwide. More recently, Conde and Monteiro in Brazil also published a classification chart of BMI in the Brazilian pediatric population based on data from the National research of Nutrition and Health performed in 1989 (Table 3 ) (11).
The BMI is an important screening tool, but it must be integrated with other information in the health assessment, such as detailed medical history and physical examination, that must include blood pressure measurement (using normative data for blood pressure for children from 6 to 17 years according to age, gender, and height for 50th, 90th, and 95th/97th percentiles) (12). Estimated prevalence of hypertension in childhood can reach values as high as 30% (13). A correlation between insulin resistance and hypertension has been demonstrated in this group.
Waist circumference (WC), that is measured in the midline between iliac crest and the inferior part of the last rib, is the most simple and representative anthropometric index, that estimates intra-abdominal fat (visceral fat), besides central obesity and cardiometabolic risk. The increase in abdominal fat has been associated in children and adolescents to metabolic syndrome components, namely arterial hypertension, hypertrygliceridemia, low (5). Physical examination can reveal acanthosis nigricans, a brown to black velvety hyperpigmentation of the skin, usually present in the posterior and lateral folds of the neck, axilla, groins, elbows, and knees that is considered a mark of insulin resistance (16, 17) . It can be found in up to 90% of type 2 DM adolescents and also in girls with polycystic ovary syndrome (13, 18) .
Although less frequent, secondary causes of obesity can be seen in a wide variety of genetic and endocrine disorders (Table 1) . Different signs and symptoms can indicate secondary obesity. Hypogonadism, short stature, dysmorphic features, and mental retardation are some examples (6). Children with obesity secondary to genetic or endocrine syndromes typically have characteristic physical examination findings. Children with endogenous obesity are short and often have a delayed or normal bone age, while children with exogenous obesity are taller and often have growth acceleration along with advance in bone age (6). A careful history and physical examination are usually adequate to rule out or suspect an endogenous cause for obesity in most children.
Laboratory investigation can complement the search for obesity comorbidities in children and adolescents. Disorders in glucose metabolism such as the following can be identified: impaired fasting glucose, impaired glucose tolerance and type 2 diabetes. The most relevant and cost-effective tests are fasting glucose and insulin and 2 hour post-load glucose, following 75g of dextrose (19). Basal insulin levels are a clue to insulin resistance, and can be used for homeostatic model assessment (HOMA) index calculation. Dyslipidemia can be assessed to find high triglycerides and low HDL levels, characteristic of the metabolic syndrome.
The evaluation also includes investigation of other obesity-related diseases as they can compromise life expectancy (12). Osteoarticular abnormalities, sleep apnea, non-alcoholic fat liver disease, reproductive tract disorders (like polycystic ovary syndrome), gastroesophagic reflux, and cholelithiasis can be diagnosed based solely on medical history plus physical examination, or with the help of more specific additional exams (12,20).
treAtIng obese ADolescents: generAl consIDerAtIons
Excess fat storage arises from an imbalance between energy intake and expenditure. In adolescents, the problem is particularly difficult to treat if overeating is associated with a lack of physical activity, promoted around the world by modern lifestyles (21). Governments, schools, institutions, the media, restaurants and communities can implement environmental strategies to promote the intake of healthy food, limit the access to unneeded food, and encourage healthy physical activity.
Family participation is one of the most important points for treatment success. Several studies of obesity treatment in children have demonstrated the importance of parents' participation in weight control programs (5). Parents and caregivers can serve as role models, authoritative figures, and behaviorists to mold their children's eating and activity habits. Families can learn to eat and exercise healthfully together (21). The greater independence of adolescents means that clinicians should discuss health behaviors directly with them, although clinicians should encourage parents to make the home an environment as healthy as possible (5).
The achievement of permanent healthy lifestyle habits is an excellent goal independent of weight change because of the long-term health benefits of these behaviors. When considering BMI, the goal is the achievement of a percentile under the 85th. Nevertheless, especially before puberty, even a modest weight gain can result in migration to lower BMI percentiles, because of ongoing linear growth. Weight loss is recommended for children older than 7 years with a BMI between the 85th percentile and 95th percentile who have a secondary complication of obesity and for those with a BMI at, or above the 95th percentile (6). Children and adolescents with comorbidities such as non-alcoholic fatty liver disease, idiopathic intracranial hypertension (also known as pseudotumor cerebri), sleep apnea, orthopedic abnormalities, type 2 diabetes mellitus, and arterial hypertension require a faster weight loss, because improvement in medical conditions is also an important sign of long-term health benefits.
During the last decade, several scientific articles have been published about adolescent obese treatment. Studies on lifestyle changes, pharmacologic treatment or surgical interventions have provided important information on strategies for weight loss and maintenance of healthy weight (22,23). However, there is no widely accepted consensus about adolescent obesity treatment, as current recommendations for the clinical management in adolescents are based on the control of weight gain and eventually present comorbidities (24-26).
non-phArmAcologIc treAtment
When considering non-pharmacological treatment of adolescent obesity, the first goal is to identify the child's dietary and physical activity behaviors that may promote energy imbalance and that are modifiable. The next step is to assess the capacity of the patient and/ or the patient's family to change some or all of these behaviors (5). Targeting realistic behavior changes can help in reaching the treatment objectives.
Sedentary lifestyle begins early in life and worsens throughout childhood and adolescence. Some studies demonstrate that many youth do not achieve the recommended minimum amount of daily physical activity (27,28). The percentage of adolescents participating in daily physical education fell from 41.6% to 33.0%, between 1991 and 2005. According to the Youth Risk Behavior Surveillance System (YRBSS), only 43.8% of males and 27.8% of females were physically active for a total of 60 minutes or more per day on 5 or more of 7 days (29). One study evaluated almost 4500 children aged 9 to 13 years old and found that 61.5% do not participate in any organized physical activity in their nonschool hours, and 22.6% do not engage in any leisure-time physical activity (30).
An exercise prescription for health does not need to be complicated. It is consensus that it has to be addressed for age and gender (27, 31) . It can revolve around activities of daily living. People should choose exercises and activities of their preference. The recommendation for adolescents is the accumulation of at least 30 to 60 minutes of age-appropriate activity on most days of the week (32). Structured physical training is not required for health benefits to occur, and physical activity can be accumulated throughout the day, even through short (10 minutes) bouts of exercise (33). In lifestyle modification, sedentary behaviors such as watching television, playing video games, or using a computer are reduced and more physically active ones encouraged (34).
Schools might be a great vehicle for these lifestyle modifications. In 2006, the American Heart Association (AHA) published a statement on promoting physical activity among children and adolescents focusing on the responsibilities of the school, as summarized on Table 4 (35). the treatment of obesity in adolescents have also been done; nevertheless, so far, there is no data to support this indication. Pharmacological treatment has to be considered in case of lack of response to life style modification besides the comorbidities related to obesity.
An Endocrine Society Clinical Practice Guideline based on expert opinion published in 2008 suggests that pharmacotherapy (in combination with lifestyle modification) be considered in: 1) obese children only after failure of a formal program of intensive lifestyle modification; and 2) overweight children only if severe comorbidities persist despite intensive lifestyle modification, particularly in children with a strong family history of type 2 diabetes or premature cardiovascular disease. Pharmacotherapy should be provided only by clinicians who are experienced in the use of antiobesity agents and aware of the potential for adverse reactions (38).
orlistat
Orlistat blocks fat absorption in the intestine by inhibiting lipase activity, thereby potentially establishing a negative energy balance (6). The pancreatic lipaseblocker orlistat is approved by the Food and Drug Administration (FDA) for use in adolescents aged 12 to 18 years old with a BMI more than two units above the 95th percentile for the age and gender (39). A one-year study conducted in 539 American adolescents submitted to a hypocaloric diet plus exercise and behavioral therapy that were randomized to orlistat versus placebo has shown a significant decrease in BMI in the orlistat group (0.55 versus 0.31 for placebo; p -0.01) when compared with placebo.
The orlistat dosage for adolescents is the same for adults, 120 mg tid. Gastrointestinal adverse effects, such as fatty or oily stools, are common with treatment. Concern regarding possible malabsorption of fat-soluble vitamins and gastrointestinal adverse effects are likely to limit the use of orlistat for the treatment of pediatric obesity (40, 41) . A daily multivitamin supplement is recommended either 2 hours before or after orlistat is taken, because it may also interfere with the absorption of fat-soluble vitamins (A, D, E, and K) (6).
sibutramine
Sibutramine promotes satiety and enhances energy expenditure by inhibiting the reuptake of the neurotransmitters noradrenaline and serotonin (6). In the US, minimum of 30 minutes of moderate to vigorous physical activity during the school day, including active time during physical education classes Schools should deliver evidence based health-related physical education 2.
programs that meet national standards at all school levels. These programs should provide substantial amounts of MVPA (50% of class time) and teach students motor and behavioral skills needed to engage in lifelong physical activity States and school districts should ensure physical education is taught by 3.
certified and well-qualified teachers States should hold schools accountable for delivering physical education 4.
programs that meet national standards for quality and quantity (150 minutes per week in grades K to 8 and 225 minutes per week in grades 9 to 12) Schools should expand physical activity opportunities by providing clubs, 5.
lessons, intramural sports, and interscholastic sports programs that meet the physical activity needs and interests of students School leaders should promote walking and bicycling to school and work with 6. local governments to ensure that students have safe routes for active transportation Child development centers and elementary schools should provide children 7.
with at least 30 minutes of physically active recess during each school day Schools should provide evidence-based health education programs 8.
emphasizing behavioral skills focused on increasing physical activity and decreasing sedentary behaviors Colleges and universities should provide professional preparation programs 9.
that produce teachers who are highly qualified to deliver evidence-based physical education and health education programs
There is neither sufficient nor definite data supporting diet therapy for losing weight in childhood and adolescence. Diet therapy must focus on caloric ingestion adequacy that is inserted in a well balanced alimentary program that consists of 15% of total ingested calories from proteins, 50% to 55% from carbohydrates, and 30% from fat. It is sufficient to warrant the correct amount of nutrients for adequate growth and development (36,37) . Dietary interventions are aimed at reducing the intake of high-fat foods, simple sugars, and sweetened beverages and at increasing the intake of lower-calorie, high-fiber foods such as fruits, vegetables, and whole grains (6). There are few reports on the use of highly restrictive diets for children or adolescents and long-term outcome data about this strategy has not been reported (5).
phArmAcologIc treAtment
Therapies with pharmacologic agents have been suggested for obese adolescents, since long-term evidence from randomized, controlled trials, showing maintenance of substantial weight loss with lifestyle changes still remains sparse. Consistent data are available with orlistat and sibutramine. Studies with metformin for sibutramine may be used in adolescents older than 16 years old (5). The addition of sibutramine to a behavior therapy program in a 12-month placebo-controlled study conducted in obese American adolescents, 12 to 16 years of age, resulted in statistically significant improvements in BMI. At month 12, the estimated mean change in BMI for sibutramine plus behavior therapy was 3.1 kg/m 2 versus 0.3 kg/m 2 for placebo plus behavior therapy (p-0.001); BMI diminished 2.4% in 7-12 months in the sibutramine group, when compared to placebo (42). Additionally, Berkowitz and colleagues have shown, in a 1 year randomized controlled trial in 498 participants, 12 to 16 years of age (BMI that was at least 2 units more than the US weight mean of the 95th percentile) a reduction in BMI and body weight, and improved metabolic profile in the sibutramine-treated group (43). Our group studied 60 Brazilian adolescents, utilizing sibutramine 10 mg a day, in a 6-month randomized, double-blind, placebo-controlled fashion (44). Patients assigned to the sibutramine group lost an average of 10.3 ± 6.6 kg and patients in placebo group lost 2.4 ± 2.5 kg (p < 0.001 for difference between groups). Moreover, more than five times as many adolescents assigned to the sibutramine group (n = 14; 46.6%) reduced their initial body weight by at least 10% in comparison to the placebo group (p < 0.001). Approximately 25% of adolescents assigned to the sibutramine group (n = 7) reduced their initial weight by at least 15% in comparison to 0% in the placebo group (p < 0 .001) (44).
The most common adverse effects found in the aforementioned studies, with adolescents taking sibutramine, was tachycardia, that was not a reason to withdraw from treatment (42-44). The maximum mean difference in pulse rate (3.7 beats/min) found in one of the studies conducted in the US, occurred at month 2 (43). Sibutramine labeling instructions for adults recommend that all patients with sibutramine ongoing treatment should be monitored for blood pressure and pulse rate. It is important to notice that pulse rate varies throughout childhood and adolescence, but persistent tachycardia (defined by a rate ≥ 120 beats/min in older children) should be evaluated in standard medical care. Sibutramine effects in heart rate and blood pressure in obese adolescents are generally neutralized by the effective reduction in BMI that seems to be even better than that observed in adults (45). Less frequent observed adverse effects were: headache, dry mouth, constipation, dizziness, insomnia and elevation of blood pressure (43,44).
metformin
Metformin is an insulin sensitizer formally indicated for treating insulin resistance in type 1 and type 2 diabetes and polycystic ovary syndrome. It is approved for use in children older than 10 years old. There is a lack of evidence to support metformin for treating obesity in adolescents. A recent study, however, showed significantly more improvement in body composition (weight, BMI, waist circumference) and fasting insulin levels in a small number of obese insulin-resistant pediatric patients with metformin therapy versus placebo (46) . In a recent meta-analysis of Randomized Trials for obese adolescent treatment, three randomized trials of metformin monotherapy on hyperinsulinemic, nondiabetic, obese adolescents showed a small non-significant change in obesity outcome at 6 months (7).
bArIAtrIc surgery In ADolescents
According to the 1991 National Institute of Health Consensus Panel guideline for adults, bariatric surgery is an appropriate treatment modality for adults who have failed conventional weight management efforts when the BMI reaches 40 kg/m 2 or if BMI is 35 kg/ m 2 or greater in the presence of significant associated comorbidities. In contrast to numerous published reports investigating the outcome of bariatric surgery in adults, there is a relative paucity of published data on the application of bariatric surgery in adolescents.
Bariatric surgery is being increasingly considered as an adjunct treatment tool, although not a cure for obesity, it can be a helpful for selected, extremely obese adolescents to achieve significant weight loss and improve comorbidities, when used in conjunction with preoperative and postoperative behavioral and dietary intervention (22). This treatment generally leads to substantial weight loss and improvement in medical conditions. However, peri-operative risks, post procedure nutritional risks, and the necessity of lifelong commitment to altered eating make this approach unattractive or inappropriate for many patients (5). In 2004, the American Pediatric Surgical Association and the American Society for Bariatric Surgery established a protocol for the indication of bariatric surgery for particular population (Table 5) in whom lifestyle modifications and/or pharmacotherapy have failed. Candidates for surgery and their families must be psychologically stable and capable of adhering to lifestyle modifications. Access to experienced surgeons and sophisticated multidisciplinary teams who assess the benefits and risks of surgery is obligatory (38). Patients should undergo a comprehensive pre-and post-operative evaluation, and have an expert surgeon plus multi-disciplinary support, for optimum outcome. It is very important to exclude secondary causes of obesity and perform a psychiatric and psychological evaluation before surgery (22, 47) . In the same way, it is interesting to achieve some weight loss before surgery. In several countries, the most popular surgery in adults and adolescents is a restrictive-disabsortive procedure consisting of a gastric reduction and Roux-en-Y bypass. Laparoscopic surgery has been widely disseminated because of its lower risk of complications when compared to conventional surgery (22, 47, 48) .
Bariatric surgery is a promising, although still controversial, weight loss tool for selected extremely obese adolescents who have failed conventional medical and behavioral therapy for obesity. Early reports of bariatric surgery in adolescents have shown success with this procedure, despite a much higher mean BMI than in adult candidates. Long-term studies are necessary to allow quantitative meta-analysis. Rates of morbidity and mortality after bariatric surgery and resolution of preoperative comorbidities need to be rigorously and prospectively studied.
